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ABSTRACT 
 
Biopore technology Innovation is an easy and cheap technology that can be applied in any 
class of society. Biopore Absorption Hole (BAH) is a cylincric vertical hole with a relatively small 
diameter. Eventhough the diameter is not so big, it is still effective to absorb groundwater. The 
dimension of technology reflected how this BAH tecnology is applied to the Management of BAH 
within the society of Semarang City. In order to achieve maximum results, an evaluation toward the 
sustainability of the dimension of BAH Management technology in Semarang City needs to be 
performed. The objectives of this research are to:1) studying the status of technology dimension in 
maintaining BAH, 2) studying sensitive attributes having influence toward index value and the 
sustainability status of technology dimension in maintaining BAH, as well as 3) formulating the 
priorities for policies applicable to technology in maintaining BAH in Semarang. The research took 
place in three administrative villages (Srondol Wetan, Jatingaleh, and Bendan Ngisor) in the city of 
Semarang. Those three locations were chosen to represent upper, middle, and lower regions of 
Semarang as water absorption area.The analysis of status determining data and leveraging factor 
was conducted using RAP – biopore method, while the the making of policy priorities was performed 
by using Analitycal Hierarchy Process (AHP).Results suggest that the status of the sustainability of 
Semarang’s BAH Management technology dimension was on “less sustainable” status (25,01 – 
50,00). The strategy of enhancing influential sensitive attributes to improve sustainability status was 
a great success in affecting the values and sustainability status. 
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INTRODUCTION 
The city of Semarang is the capital of 
Central Java Province. It is the fifth biggest city 
with the highest population among other 
regions in Central Java. Along with the ever 
growing population comes an ever increasing  
_____________________________________ 
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need of land. Such increase in the need of 
land is the implication of the various roles and 
functions of the physical development in 
urban area consisting of the use of 
farming/plantation and non-farming soil such 
as residential, governmental, trade and 
services, as well as industrial area. Together 
with the demand and the fulfillment of the 
need of land, comes a shift in functions in 
urban and rural area. Places which used to 
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be forest area, water absorption area, 
farming, and plantation, now turns into 
commercial area.  
The potential impacts that can happen 
due to the change in the way of using the land 
is the emergence and dominance of surface 
runoff resulting in damaged farms or 
plantations, fields, floodings, and local 
puddles in various residential areas.  In 
addition, the flood is also triggered by low 
infiltration level leading to the inability of the 
soil to absorp water. Flood can also be caused 
by surface runoff with a volume bigger than 
the capacity of drainage system or river flow 
system (Haryani, et al., 2008).  
It is hoped that the existence of biopore 
can assist the soil in performing its function in 
absorbing water. Biopore is shaped like a 
burrow (small tunnels) placed under the 
ground with branches very effective in 
channeling water and air into the ground. The 
pores can increase the soil’s capability in 
containing water by circulating water and 
oxygen into the ground. Automatically, the 
more biopores existed underground, the 
more healthy the soil in the area will become. 
 Based on Forestry Minister’s 
Regulation No. 70/2008 on the Technical 
Guidelines of Land and Forest Rehabilitation, 
Biopore Absorption Hole (BAH) is an effective 
and eco-friendly tecnology to address flooding 
by enhancing water absorption capabilities, 
turning organic trash into compost, and 
reducing greenhouse gas emissions (CO2 and 
methane), and utilizing the role of soil fauna’s 
activities and the roots of plants in solving the 
problems caused by water puddles such as 
dengue fever and malaria.  
Biopore technology utilizes a cylincric 
vertical hole with a relatively small diameter 
but still effective to absorb groundwater. This 
technology is considered more effective than 
absorption well in terms of absorbing water 
into the ground. An absorption well is too big 
and the materials filling it cannot be utilized 
by soil biota as an energy source in the 
creation of biopore. Soft matters carried by 
water filtered by filling materials can block the 
cavities between the materials and thus 
reducing absorption rate. A big diameter will 
increase absorption blockage and reducing 
the absorption rate (Alimaksum, 2010). 
 
MATERIALS AND METHODS 
The research was conducted in three 
administrative village, Srondol Wetan, 
Jatingaleh, and Bendan Ngisor, belonging to 
the city of Semarang (Figure 1). 
 
Figure 1. Map of Research Location 
 
The research was a descriptive 
quantitative research employing primary and 
secondary data. Primary data were obtained 
through survey, observation, and interview 
with respondents in research area. 
Respondents are determined using simple 
random sampling. Respondents chosen were 
BAH Management stakeholders such as 
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members of the society, governmental 
elements, and academic intellectuals. The 
secondary data for this research was gathered 
from various documents supporting the 
objective of this research. 
Data analysis method used was RAP-
Biopore ordination technique through 
Multidimensional Scaling (MDS). Rap-Biopore 
is a modification of RAP-Fish, an evaluation 
method applied on multidimensional 
sustainability of fishery (Pitcher & Preikshot 
2001; Pitcher 1999; Pitcher et al. 1998). 
Additionally, within RAP-Biopore there is 
something called sensitivity analysis (laverage 
analysis), and analysis used to determine the 
level of significance from each attribute in 
affecting sustainability. Sensitive attribute 
affecting sustanaibility was determined by 
combining sensitivity analysis (laverage 
analysis) and Poreto Analysis (Kusbimanto 
dkk., 2013).  
Monte Carlo Analysis was utilized to 
study the influence of error in calculation and 
assessment toward the attributes. If the 
difference between Monte Carlo sustainability 
index and MDS sustainability index is less than 
1, it means that the effect of calculation error 
within the analysis is not significant 
(Kavanagh,2001).  
Goodness of fit of MDS calculation is 
mark by the value stress (Pitcher and 
Preikshot, 2001) while model validity is shown 
by determination coefficient value (R2) 
(Kavanagh and Pitcher, 2004). A kind of 
analysis that can represent a model properly 
is shown with a stress value under 0.25 and R2 
close to 1 or 100 percent. 
RAP-Biopore analysis process in this 
research was performed through the 
following stages : (1) determining the 
attributes of technology dimension on BAH 
Management in Semarang, (2) performing 
attribute assessment in ordinal scale based on 
the criteria of technology dimension 
sustainability, (3) Analyzing data using RAP-
Fish software, (4) studying techology 
dimension’s index value and sustanaibility 
status, (5) examining sensitive attributes 
influential to sustainability using sensitivity 
analysis (laverage analysis) and Pareto 
Analysis, and (6) studying the effects of error 
in a calculation using Monte Carlo analysis. 
MDS, Laverage, and Monte analysis process. 
In this research, sustainability index ranged 
from 0 percent (bad) to 100 percent (good), 
while the categories for system sustainability 
being examined referred to Table 1 below : 
 
Table 1. Assessment Categories of 
Sustainability Status of Semarang City's 
Technology Dimension in Maintaining BAH 
Based on Index Value Resulted from MDS 
Analysis Result 
Index Catagories 
0.00 – 25.00 Bad (not sustainable) 
25.01 – 50.00 Less (Less Sustainable) 
50.01 – 75.00 Enough (Enough 
Sustainable) 
75.01 – 100.00 Good(very sustainable) 
Source :  Thamrin et al, 2007, Nurmalina, 2008 & 
Suyitman et al, 2009 
The formulation of strategies and 
policies to improve the management/ 
improvement in the management of 
technology dimension BAH in Semarang city 
uses Analitycal Hierarchy Process (Saaty, 
1993). Aside from that, this method is utilized 
to describe the efforts taken to improve 
system Management being studied in order to 
make a correct calculation in formulating 
future Management model (Susilowati, 2012).  
 
RESULTS AND DISCUSSION 
A. Analysis of Sustainability management 
Biopore Infiltration Hole (BIH) 
Analysis of the sustainability dimension 
of technology in the management of BIH in 
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Semarang done through an assessment of the 
nine attributes of sustainability dimension of 
technology.  
Table. 2. Attribute of Technology Dimension  
Attribute 
1. Synchronization of the number of BAH in 
the field with the ideal number of BAH 
2. BAH technology in its relation with 
flooding, puddle, and drought 
3. Access of BAH within the society 
4. BAH in its relation with garbage 
management 
5. The frequency of flooding, puddle, and 
drought occurrences 
6. BAH in its relation with soil fertility 
7. The availability of BAH technology 
8. The technology’s effectivity rate 
9. The implementation of BAH technology 
 
The result of RAP-Biopore analysis using 
MDS method shows that the value of 
technology dimension’s sustainability index lies 
between 35.40-40.04 on an sustainability scale 
of 0-100. The value mentioned above belongs to 
the category of ‘Less sustainable’. Figure 3 
shows the sustainability value of the technology 
dimension of biopore Management. 
 
 Figure 2. Technology Dimension’s 
Sustainability Index 
 
 
Figure 3. Sensitive attribute of  technological dimension 
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Figure 3 shows the level of influence 
given by each attribute to sustainability value. 
Attribute possessing the greatest RMS means 
that the said attribute has big effect on 
sustainability and vice versa. Pareto Analysis 
result shows five sensitive attributes 
influential to the sustainability value of the 
dimension of technology. The five attributes 
are as follow : (1) Synchronization of the 
number of BAH in the field with the ideal 
number of BAH (2)BAH technology in its 
relation with flooding, puddle, and drought, 
(3)Access of BAH within the society, (4) BAH in 
its relation with garbage management (5) The 
frequency of flooding, puddle, and drought 
occurrences. 
Synchronization of the number of BAH 
in the field and the ideal number of BAH is 
done to achieve the ideal number needed at 
each research location. The society regards 
this attribute as an attribute with the biggest 
effect on changing the index value in terms of 
the sustainability of technology dimension. 
Based on the Pareto analysis, that attribute 
becomes the main factor of the enhancement 
of value as well as the sustainability status of 
technology dimension. According to Brata and 
Nelistya formula (2008), equation (1) : 
By taking into account the maximum 
rain intensity, the minimum rain intensity, the 
area of impermeable field and the water 
absorption rate in each hole on inceptisol soil 
are 104.56 liter/hour (Rasmita, 2010), the 
highest number of BAH in Srondol 
administrative village is 2,384,623 holes and 
the lowest is 16.687 holes. Presently, the 
number of BAH in the field is 603 holes 
(Environmental Agency of Semarang city, 
2014). Therefore, the synchronization will 
require an additional 2,384,020 BAH in the 
research location. In Jatingaleh administrative 
village, according to the formula, the highest 
number of BAH is 1,470,724 and the lowest is 
10,291 holes. The numbers of BAH existing in 
the field since 2012 are 500 holes 
(Environmental Agency of Semarang City, 
2014), thus the synchronization needed to 
achieve an ideal amount will require an 
additional 1,470,224 BAH in the research 
location.  In Bendan Ngisor administrative 
village, based on the formula, the highest 
amount of BAH in Bendan Ngisor 
administrative village is 741,819 and the 
lowest is 5.191 holes. The number of BAH 
present in the field since 2011 to 2014 are 295 
holes, (Environmental Agency of Semarang 
City, 2014). Therefore, the synchronization 
will demand 741,524 more BAH in the 
research location. 
BAH technology in relation with 
flooding, puddle, and drought attribute 
becomes the second most important attribute 
with a RMS value of 3.35.  This attribute is not 
separated from the runoff discharge in the 
research location and BAH water absorption 
rate.   In Srondol Wetan administrative village, 
before implementing biopore (Qtb), the 
runoff discharge, calculated by using the 
rational method, was 2.35 m³/second. After 
using the BAH, the runoff water discharge 
(Qdb) was 2.33 m³/second, with the 
coefficient C made after the implementation 
of BAH in research location being at 0.65. In 
Jatingaleh administrative village the runoff 
discharge before the implementation of 
biopore (Qtb) was1.67 m³/second. After 
implementing BAH (Qdb), the runoff discharge 
was 1.655 m³/second, with the coefficient C 
being at 0.65. In Bendan Ngisor administrative 
village, the runoff discharge before 
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implementing biopore (Qtb) was1.48 
m³/second. After implementing BAH (Qdb), 
the discharge was 1.47m³/second, with 
coefficient C being at 0.65.  
 Based on the calculation above, it is 
clear that the value of coefficient runoff C 
decreases as much as 0.01, from 0.66 to 0.65, 
after the implementation of BAH. The tiny 
drop of coefficient value will have to get a 
special attention to boost its impact in 
addressing the issue of flooding, especially in 
downstream regions, puddles, and drought, 
which can be seen from the decreasing runoff 
discharge. 
Maintaining BAH in a sustainable way 
may lower C value, although the total area 
and function of the land do not change. In 
order to get the optimum benefit of BAH, it is 
necessary to increase the number of BAH or 
other rainwater harnessing structures such as 
absorption wells and rainwater harvester. 
Easy access to BAH technology is 
inseparable from the availability of BAH 
technology. Easy access to technology is 
chosen by the community as an important 
attribute because community still feels that it is 
not easy to obtain BAH tools such soil drill. Soil 
drill can be directly accessed by contacting 
from neighborhood chief (ketua RT) in each 
region or administrative village office. 
Unfortunately, due to limited availability of the 
tools, it cannot be easily accessed by the 
members of the society. Environmental Agency 
hopes that the community could make replica 
of the tools that have been given to the 
neighborhood chief.  
BAH in its relation with garbage 
managementis a sensitive attribute. It means 
that BAH as one ofmany ways of processing 
organic garbagehas not reachedits optimum 
function yet in the research location. It is 
caused by the fact that many people do not 
insert and harvest the organic garbage 
periodically. If calculated, the volume of 
organic garbage that can be inserted in a BAH 
is 7.85 liter per hole. The amount of garbage 
produced by Semarang City entering the 
landfill is as much as 3750 m3/day or 750-800 
tons/day (http://dkp.semarangkota.go.id) 
with a population of 1,644,800 or 416,572 
families (BPS Central Java, 2015). Thus, in 
average, each family produces 2,437 liter per 
day (with the assumption that 65% of the 
total is organic garbage).  It means that one 
BAH will be fully filled by organic garbage 
from a family for two days. 
The frequency of flood or puddle 
occurrences lies at zero. The reason is 
because the research location is located in 
relatively high area. BAH Management in the 
research location, hopefully, could prevent 
flood disaster in lower area or in the 
downstream by applying BAH in the 
upstream. 
 
B. TESTING ANALIYSIS FEASIBILITY  
In order to recognize whether the result 
of the analysis by using RAP-Biopore both 
from the perspective of each sustainability 
dimension and multi-dimensional 
perspectiveare feasible and able to represent 
the actual condition of BAH Management 
dimension/aspect in Semarang City or not, 
some statistic parameters listed in Table 3 
 
Table 3. Index Value of the Sustainability of 
MDS and Monte Carlo’sTechnology Dimension 
 
Village Index Difference 
MDS Monte 
Carlo 
Srondol 
Wetan 
40,04 41,08 -1,04 
Jatingaleh 35,40 35,98 -0,58 
Bendan 
Ngisor 
37,94 38,62 -0,68 
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According to Table 3, the result of the 
Monte Carlo analysis, with confidence interval 
at 95%, the difference between MDS and 
Monte Carlo Analysis is not big (less than 1). 
The low difference between the results of 
sustainability indexcalculated using both 
methods proves that error effect can be 
avoided. In order to figure out whether 
sustainability dimension attribute studied in 
MDS analysis is accurate (close to the actual 
condition) or not, a close look to stress value 
and Determination Coefficient value (R2) 
needs to be exercised. The result of the 
analysis using RAP-Biopore analysis tool 
shows that stress value reaches 0.15 and R2 as 
much as 0.94. It means that the result is 
feasible.  This is in accordance with the 
argumentation of Kavanagh and Pitcher, 2004, 
that if stress value is less than 0.25 or 25% 
and the determination coefficient  value (R2) is 
close to 1.0 or 100%, it shows that the 
accuracy of the analysis result is feasible. 
 
C. Sustainability Strategy of Management 
BAH in Semarang 
Strategy or efforts in managing/ 
improving the attributes of ecology dimension 
in order to enhance sustainability status is 
formulated based on the result of interview 
with key person as well as the result of AHP 
analysis. The result obtained from using 
Analytical Hierarchy Process (AHP) which 
utilized Expert Choice version 11 software in 
analyzing stakeholders’ opinions  shows 
prioritizing the policies of improving sensitive 
attributes may influence index value and 
sustainability status on BAH Management’s  
technology dimension in Semarang City as 
listed in Figure 4. 
The aim of prioritizing policies regarding 
technology dimension is to improve the 
attribute that is still inadequate in order to 
support the sustainability of BAH 
Management. The first priority is aimed to 
gain benefit from BAH technology in 
overcoming flood and puddle. The result of 
the analysis of respondent’s opinion shows 
that BAH benefit attribute has the value of 
50%. One viable strategy is to add more BAH 
and determine proper locations for BAH, as 
what have been described before in the 
analysis of technology dimension’s 
sustainability index. The second priority is the 
synchronization between BAH number in the 
field and its ideal number with a value of 30%. 
In line with the first priority, 
synchronization of the number of BAH can 
reduce runoff discharge. Thus, the function of 
BAH in overcoming flood and puddle can be 
optimized. The third priority is BAH 
technology in managing garbage, which is 
valued at 18%. It means that the strategy of 
 
 
Figure 4. The result of the AHP analysis toward the Alternative Policy in Sustainable BAH 
Management 
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using BAH to manage the garbage must be 
improved in order to keep the function of BAH 
by harvesting the compost periodically. 
Therefore, the role of Compost bank within 
the society needs to be enhanced. The 
inconsistency ratio value of the analysis result 
is 0.04. The value shows that the analysis 
result is still acceptable.  
 
CONCLUSION 
Based on the result of the research, the 
conclusion can be formulated as follows:  
1. The sustainability status of technology 
dimension on BAH Management in 
Semarang City is categorized as “less 
sustainable” with the index interval value 
ranging between 35.40-40.04 in 0-100 
scale of sustainability.  
2. There five sensitive attributes influential to 
the sustainability of technology dimension 
in maintaining BAH in Semarang City: (1) 
synchronization of the number of BAH with 
the ideal number of BAH in the field 
(2)BAH technology in its relation flood, 
puddle and drought, (3)Access to 
technology, (4) BAH in its relation with 
garbage management.  
3. The aim of prioritizing policies regarding 
technology dimension is to improve the 
attribute that is still inadequate in order to 
support the sustainability of BAH 
Management. The first priority is aimed to 
utilize BAH technology to overcome flood 
and puddle. Based on the calculation 
above, it is clear that the value of 
coefficient runoff C decreases as much as 
0.01, from 0.66 to 0.65, after the 
implementation of BAH. The tiny drop of 
coefficient value will have to get a special 
attention to boost its impact in addressing 
the issue of flooding, especially in 
downstream regions, puddles, and 
drought, which can be seen from the 
decreasing runoff discharge. The efforts 
taken are the addition of LRB and 
sustainable management within the 
society. 
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